ABSTRACT
INTRODUCTION
Lung cancer is the leading cause of cancer-related mortality worldwide (Bray et al., 2018) . More advanced imaging technology has improved the diagnostic rate of multiple primary lung cancer (MPLC) (Thakur et al., 2018) . Double primary lung cancer (DPLC) which defined as two primary malignances developed at the same or different time made up the majority of MPLC (Guo et al., 2017) . Early-stage lung cancers reportedly account for most cases of DPLC (Liu et al., 2002) . Surgery is the primary treatment for early-stage lung cancer when lesions are limited to T1-2N0M0, according to the National Comprehensive Cancer Network guidelines. The complete resection of the lesions, or a lobectomy with lymph node examination, improves the survival rate of early-stage node-negative MPLC, with a 5 year survival rate of over 50% (Vansteenkiste et al., 2014) .
The relationship between examined lymph nodes (ELN) and survival was confirmed in several studies on early-stage malignancies; a higher ELN count is correlated with a better prognosis. Liu et al. (2019) found it prognostically significant when more than 12 ELNs were present in pT1N0M0 esophageal cancer. Ji et al. (2017) studied gastric cancer and found that more than 22 ELNs would improve overall survival. Similar results were found in early-stage single primary non-small cell lung cancer (NSCLC) (Ou & Zell, 2008; Varlotto et al., 2009) . However, there is no current research on the association between ELN and multiple primary cancers.
Therefore, we conducted a population-based, retrospective investigation of the Surveillance, Epidemiology and End Results (SEER) database to explore the relationship between ELN count and the long-term survival of T1-2N0M0 double primary NSCLC (DP-NSCLC) patients after surgery.
MATERIALS AND METHODS

Data source
The data in this study were extracted from the SEER program of the National Cancer Institute, accounting for approximately 28% of the total US population from 18 regions. All cases were derived from the SEER 18 Regs Research Data + Hurricane Katrina Impacted Louisiana Cases, November 2015 Sub (1973 -2013 , using SEER Ã Stat 8.3.5
software.
Study population
We identified a total of 10,552 patients who had been diagnosed with DPLC between 1988-2013. The inclusion criteria were as follows: (1) patients were pathologically confirmed NSCLC according to "ICD-O-3 Hist/behave"; (2) the first and second cancers were pathologically different and proved to be primary cancer according to "Primary by international rules"; (3) patients with T1-2N0M0 stage of both primary cancers were screened and restaged based on the American Joint Committee on Cancer's 8th edition TNM stage according to the original stage and tumor size offered; (4) both primary lesions received lobectomy; (5) active follow-up status of more than 1 month; (6) definite information existed for the ELN; and (7) ELN were confirmed by pathology. The exclusion criteria were as follows: (1) patients with missing or unknown clinical information (race, primary site, grade); and (2) patients who underwent any type of radiation or chemotherapy. A total of 948 patients were included in this study after these criteria were met (Fig. 1 ).
Patients were divided into a synchronous double primary NSCLC (SDP-NSCLC) group (n = 426) and a metachronous double primary NSCLC (MDP-NSCLC) group (n = 522). SDP-NSCLC group patients were those with second primary NSCLC identified within 6 months after the first primary NSCLC was diagnosed. MDP-NSCLC was defined as the second primary NSCLC detected more than 6 months after the diagnosis of first primary NSCLC. The following variables were collected for each patient: demographics (age at diagnosis of the first primary NSCLC, sex, race), the clinicopathological characteristics of both the first and second primary NSCLC (primary site, laterality, grade, tumor size, ELN), and follow-up data (survival months, survival status, cancer-specific death). Two primary lesions were occasionally discovered concurrently in patients in the SDP-NSCLC group, making it impossible to distinguish the first primary cancer. In these cases, the lesions were taken into consideration along with the patient to compare the clinicopathological characteristics between the two groups. Prognostic factors were analyzed in the SDP-NSCLC group using the following variables: (1) grade max (the worse grade of the two lesions); (2) size max (the larger size of the two lesions); (3) ELN plus (the sum of the ELN of the two lesions). The ELN count was determined by the SEER code, "Regional nodes examined", which recorded the total number of regional lymph nodes removed and examined by the pathologist. All of the uncertain ELN data was deleted (code 90, 96, 97, 98, 99) . OS and cancer-specific survival (CSS) were set as the endpoints of our study. OS was calculated as the period from the date of the first primary NSCLC diagnosis to the date of death from any cause. CSS was defined as the period from the initial diagnosis until death due to NSCLC. The interval time refers to the period between the detection of the first primary NSCLC and the development of the second primary NSCLC in the MDP-NSCLC group. This study was approved by the Ethics Committee of the Affiliated Huai'an Hospital of Xuzhou Medical University.
Statistical analysis
The chi-squared test or Fisher's exact test were applied for categorical variables and the two independent samples t-test was applied to continuous variables in order to assess the differences between the baseline characteristics of the SDP-NSCLC and MDP-NSCLC groups. The OS of patients in each group was estimated using the Kaplan-Meier method and applied log-rank tests were used to compare the survival curves. X-tile software version 3.6.1 (Yale University, New Haven, CT, USA) was used to determine the cutoff value of the number of ELN. X-tile can be used to assess the relationship between a biomarker and patient outcome and to discover the cut-points based on marker expression. Univariate Cox proportional hazards models were applied to all variables for prognostic analysis to identify the predictive factors associated with OS and CSS in each group. Multivariate analysis was used on predictive factors (P ≤ 0.1) to determine the independent prognostic factors. A two-sided P < 0.05 was considered to be statistically significant. We performed all analyses using SPSS statistics version 23.0 (IBM Corporation, Armonk, NY, USA).
RESULTS
Patient characteristics
A total of 948 DP-NSCLC patients who were diagnosed from 1988 to 2013 with resected stage T1-2N0M0 NSCLC, including 426 SDP-NSCLC and 522 MDP-NSCLC patients, were identified for this study. Table 1 summarizes the baseline patient characteristics of the two groups.
The median ages were 69 (range 32-95) and 67 (range 39-85), differed significantly (P < 0.001) between the SDP-NSCLC group and the MDP-NSCLC group, respectively. The MDP-NSCLC group was more likely to be bilateral, while the SDP-NSCLC group was similar on the ipsilateral and bilateral sides. No significant difference was noted in sex (P = 0.906) and race (P = 0.047) between the two groups. Statistical distinctions were noted in the primary site (P = 0.003) and grade (P = 0.006) between the SDP-NSCLC and MDP-NSCLC groups, with moderate differentiation (Grade II) and the greatest proportion of lesions located in the upper lobe. The median tumor size in the SDP-NSCLC group was 18 mm, while tumors in the MDP-NSCLC group measured 20 mm (P = 0.005). The median ELN count for all lesions was four, but differed significantly between two groups (P = 0.018).
Number of ELNs and survival analysis
X-tile analysis in the SDP-NSCLC group showed that 0 and 22 were the first-rank cutoff values for ELN plus, in terms of both OS (χ 2 = 18.271, P < 0.001) and CSS (χ 2 = 11.715, P = 0.003) (Supplement Information 1). The optimal cutoff values for the ELN count of the second tumor for MDP-NSCLC patients were 0 and 9, which was statistically significance in OS (χ 2 = 14.256, P = 0.001) and CSS (χ 2 = 17.051, P < 0.001) (Supplement Information 2). However, the optimal cutoff values for the ELN count of the first tumor in the MDP-NSCLC group as determined by the X-tile analysis (2 and 8) were not statistically different for either OS (χ 2 = 4.654, P = 0.095) or CSS (χ 2 = 4.604, Notes: SDP-NSCLC, synchronous double primary non-small cell lung cancer; MDP-NSCLC, metachronous double primary non-small cell lung cancer; ELN, examined lymph node. The bold entries represent statistically significant. P = 0.100). Univariate and multivariate Cox regression analyses were completed for further confirmation of the cutoff values of the ELN count. The greater number of ELN plus corresponded with improved OS (0 vs. 1-22: P = 0.017; 0 vs. >22: P < 0.001; 1-22 vs. >22: P = 0.002) and CSS for patients in the SDP-NSCLC group (0 vs. 1-22: P = 0.046; 0 vs. >22: P < 0.001; 1-22 vs. >22: P = 0.007) ( Fig. 2; Supplement Information 3) . In the MDP-NSCLC group, ELN 2 was the only independent prognostic factor of OS (0 vs. 1-9: P = 0.009; 0 vs. >9: P < 0.001; 1-9 vs. >9: P = 0.043) and CSS (ELN 2: 0 vs. 1-9: P = 0.035; 0 vs. >9: P < 0.001; 1-9 vs. >9: P = 0.002) ( Fig. 3 ; Supplement Information 4). Cox proportional hazards regression model for OS and CSS
The median follow-up period was 93 months (range 1-281). A significant difference was observed in the OS and CSS for patients in the MDP-NSCLC group compared with the SDP-NSCLC group (Fig. 4) , with a median OS of 133 months vs. 62 months, and a median CSS of 187 months vs. 89 months, respectively (P < 0.001).
The ELN count and other variables were analyzed using the univariate and multivariate Cox proportional hazards regression model to evaluate the prognostic factors of each group. The univariate and multivariate analyses for SDP-NSCLC and ELN plus indicated that age (P = 0.001) and sex (P = 0.001) were independent prognostic factors of OS, while age (P = 0.027), sex (P = 0.006) and grade max (P = 0.022) were independent prognostic factors of CSS (Table 2) . With respect to the MDP-NSCLC group, apart from ELN2, age (P < 0.001), interval time (P < 0.001), primary site 2 (P = 0.038) and size 2 (P < 0.001) were significant after univariate and multivariate analyses of OS. The interval time (P < 0.001), grade 2 (P = 0.048), size 2 (P = 0.002) and ELN 2 were independent prognostic factors of CSS (Table 3 ).
DISCUSSION
ELN count was shown to be highly correlated with the long-term survival of T1-2N0M0 double primary NSCLC patients after surgery, regardless of whether they were from the SDP-NSCLC group or MDP-NSCLC group. Regional lymph node examination performed during surgery was found to significantly prolong survival compared with lymph node conservation in both the SDP-NSCLC and MDP-NSCLC groups. In order to promote better survival, we recommend that a sum of more than 22 lymph nodes be examined during surgery for two lesions in SDP-NSCLC patients and more than nine lymph nodes be examined during surgery for the second lesion in MDP-NSCLC patients. We investigated the differences in clinical characteristics between the SDP-NSCLC and MDP-NSCLC groups and found that the patients with SDP-NSCLC were older than those with MDP-NSCLC, which is consistent with the research conducted by Wang et al. (2019) . Elderly patients are more at risk for being immunocompromised, which may account for the age difference in the populations. The lesions in our study were typically found the upper lobe of the lung, which is consistent with other studies (Guo et al., 2017) . Double primary lesions frequently occurred in the ipsilateral or bilateral lung, similar to the SDP-NSCLC group. However, lesions have also been observed in the ipsilateral lung by other researchers (Yu et al., 2013) . The grades of the lesions among all observed T1-2N0M0 patients were mostly well-middle differentiated, reflecting the observations made by Arai et al. (2012) . Metachronous multiple primary cancers appear to have better survival rates than synchronous multiple primary cancers (Baba et al., 2018) , so did lung cancer in our study. This may be due to the short interval between the occurrence of two tumors, which increases the tumor load. Our research indicated that age and sex were independent prognostic factors for both OS and CSS in the SDP-NSCLC group while grade max was related only to CSS, which is consistent with previous studies Yu et al., 2013) . The prognostic factors of OS and CSS were more likely associated with the second primary cancer and especially the tumor size, according to survival analysis of patients with MDP-NSCLC (Gulack et al., 2015) . The reason for this result may be that the interval time between the two primary cancers in the MDP-NSCLC group is long and the first primary T1-2N0M0 lung cancer after radical surgery can be regarded as complete remission. Besides, our study also showed that the longer interval time was indicative of a better prognosis, which can be attributed to the second primary cancer being less invasive (Aziz et al., 2002) . A recent meta-analysis on the location of the lesion on the ipsilateral or bilateral side revealed that location had no effect on the prognosis of DPLC patients, which was confirmed by our results .
Combined with other research, it is widely accepted that the lymph node involvement is highly associated with the prognosis of multiple primary cancers except the factors we have identified (Loukeri et al., 2015; Voltolini et al., 2010) . We focused on the ELN count and analyzed its relationship with prognosis since T1-2N0M0 DP-NSCLC patients are free of lymph node metastases and are typically treated with surgery. Previous studies reported that the amount of ELN may be beneficial to survival in early-stage single primary NSCLC but there was no consensus on the optimal ELN count during curative lung cancer surgery. Becker et al. (2018) suggested that more than 16 ELNs may lead to improved survival outcomes, while Osarogiagbon, Ogbata & Yu (2014) concluded that the lowest mortality risk occurred in patients with 18-21 ELNs. Surgeries for SDP-NSCLC patients with two lesions were conducted simultaneously or within a short period of time so that lymph node dissection might overlap or influence each other. To overcome this, ELN plus was used and found to be an independent prognostic factor of both OS and CSS in the SDP-NSCLC group. We recommended a higher ELN count than previous studies of single primary lung cancer, which may be due to the fact that patients with double primary cancer have a heavier tumor load, worse prognosis and higher risk of lymph node metastases requiring more lymph nodes to be examined. Patients have a greater chance of survival with an ELN plus greater than 22. In MDP-NSCLC patients, a total of nine or more ELNs of the second primary cancer were associated with greater survival. These figures reflect a lower optimal ELN count than those obtained by previous researchers for single primary lung cancer. It is possibly that part of the lymph nodes that need to be examined during the radical surgery of the second primary NSCLC have been cleaned in the operation process of the first primary NSCLC. The reason for the association between ELN count and survival is unknown, however, it is may be the result of more accurate staging. Previous studies indicated that not all patients with negative lymph nodes were free of lymph node metastasis. Wang et al. (2015) investigated 292 patients with IA peripheral lung cancer who underwent surgery and later discovered lymph node metastasis in 10% of those patients. Osarogiagbon et al. (2011) demonstrated that large proportions of pN0 patients were likely understaged. These studies indicate that the examination of a greater number of lymph nodes can maximize the probability that positive nodes are detected. Node-positive patients who were clinically understaged as T1-2N0M0 according to NSCLC guidelines would be less likely to receive adjuvant therapy after surgery, causing delayed treatment. ELN count is important in the assessment of the prognosis and risk stratification of early-stage lung cancer. This theory may be also applicable to early-stage DP-NSCLC.
There are several potential limitations in our study. First of all, it is limited by its retrospective nature for potential selection and time biases. Second, there is also no standardized ELN count, the count is assessed by pathologists based on their clinical experience. Third, some information is not provided in the SEER database including LN stations, LN sides, performance status, quality of life, driver gene status, additional chemotherapy and targeted therapy and comorbidities. Finally, tumor size and differentiation may impact the optimal number of ELN and thus affect survival (Gulack et al., 2015) . Therefore, large prospective studies on the first-rank cutoff of the ELN count for early-stage DPLC classified by tumor size and differentiation should be conducted for further analysis.
